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Total workload and recovery in relation to worktime reduction: a randomised controlled intervention study with time-use data 
InTrOduCTIOn
High workload together with insufficient time for recovery between workdays might have negative consequences both for the individual and the employer. 1 Worktime reduction has been proposed to improve work sustainability and support work participation in the labour market, employees' health, work-non-work balance and life satisfaction. According to the effort recovery model, 2 more time for daily recovery improves work engagement and proactive behaviour at work the next day, 3 whereas impeded recovery and sustained physiological activation might lead to chronic health impairments. [4] [5] [6] [7] Recovery can be both passive (eg, rest and sleep) and active. 2 Social activities, creative hobbies and active leisure time activities enable recovery, mitigating the negative effects of work-related stress on health and sleep. 8 Experimental studies of a substantial (25%) reduction of weekly work hours have been indicated to be an effective tool in order to diminish workload and to enhance recovery opportunities. A few controlled intervention studies have shown that worktime reduction from 8 hours/day to 6 hours/day had a positive impact on job exhaustion, sleep quality and mental fatigue. 9 10 An earlier paper of the present data material showed that a 25% reduction of weekly work hours, without a decrease in salary, improved sleep quality and alertness and decreased perceived stress during both workdays and days off. Moreover, sleep duration during workdays increased by approximately 20 min. 11 In addition, one study on a subsample of these data (social workers working full time) showed that perceived stress levels decreased as a result of the worktime reduction.
time for recovery and social activities. 10 However, to retrospectively estimate time spent in specific activities in questionnaires may give inaccurate estimates, and an alternative measurement strategy would be to collect time-use data through activity reporting sheets in diaries. The present paper is the first to investigate whether total workload (including both paid and non-paid work) decreases and recovery time increases when work hours are reduced. It is thus hypothesised that the worktime reduction results in diminished total workload and increased time for recovery activities during workdays. However, there may be individual differences in how the additional free time is used. For example, if the extra time is used for non-paid work, total workload and recovery time might be the same as before the intervention. Hence, differences in relation to gender and family situation, for example having children living at home (yes/no), sharing household with a partner (yes/no) and living alone with children (yes/no), were also explored. Time-use patterns were investigated also on days off.
MeTHOds design and procedure
Data were collected within a longitudinal controlled intervention study evaluating a 25% reduction of weekly work hours and its impact on health. 13 Thirty-three workplaces were included and randomised (see Schiller et al 11 for more details). This is thus a cluster-randomised controlled trial. One of the 33 workplaces was not able to recruit new staff and was consequently allocated to the control group, resulting in 17 workplaces in the intervention group and 16 in the control group. Participants in the intervention group preserved their salary, and the workplaces obtained funding for recruiting more staff in order to avoid an increase in workload for the employees. Data were collected at baseline (1-2 months before the intervention; February-May 2005) and approximately 9 months and 18 months after the introduction of reduced work hours (in January/February and October/November 2006). At each data collection participants filled out a questionnaire and completed activity reporting sheets daily during 1 week. Data collections were made at home through the paper-and-pen method.
study sample
Initially, 33 workplaces (N) with 919 employees (n) within the public sector agreed to participate, of whom 98 employees dropped out after randomisation. The main reasons for this were changed job/workplace (n=29), parental leave (n=14) and long-term sickness absence (n=14). Altogether 636 employees were included in the study, since they met the inclusion criteria of working full time (n=180 were excluded due to part-time work), having reduced the worktime with 25% according to the employers' time recording data (intervention group) and having participated in the data collection at baseline (see flow chart in online supplementary file). There were 370 individuals in the intervention group and 266 in the control group.
Participants worked at 33 different workplaces (including 3-68 participants per workplace), in four working sectors: social services, n=170; technical services, n=236; care and welfare, n=159; and call centre, n=71. Almost one-third were shift workers, most of the participants were women, and the average age was M=44.2 years, SD=10.9 years (range between 20 and 65 years). Half of the participants reported they had children living at home. About 75% reported they lived with a partner and about 5% were single parents living alone with children. Background variables are presented in table 1. In the intervention group, there were 33 individuals who worked 4 days a week and had no reduction of daily work hours at the 9-month follow-up. At the 18-month follow-up, there were 35 such individuals. However, only eight participants worked shorter workweeks at both occasions instead of reducing the daily worktime. They were consequently excluded in a sensitivity analysis.
T-tests showed no age difference or differences in level of job demand or job control between groups (table 1). The number of reported hours of paid work, non-paid work, total workload and recovery activities on workdays or on days off did not differ between groups at baseline (P=0.133-0.764), except for recovery on days off (t=2.94; P=0.003). The intervention group reported somewhat more time in recovery activities on days off as compared with the control group at baseline. Moreover, χ 2 tests indicated differences between groups in two of the background variables presented in table 1: educational level (university level; yes/no) and working shift (yes/no), which were consequently added as covariates in the statistical models. 
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Measurements and outcomes
The questionnaire data included questions on demographic data and work situation, including questions of work environment exposure evaluated through job demands (1, low demands-4, high demands) and job control (1, low control-4, high control).
14 Time-use recordings were adapted by a methodology developed at Statistics Sweden, 15 where the activity reporting sheets include 10 min intervals and participants should freely register activities during 1 weekday and 1 day during the weekend. The activities are then coded into 99 different types of activities. They are further classified into 24 categories, which in turn are divided into five main groups of activities: paid work, domestic work, studies, personal needs and free time.
Because of the high burden during the data collections in this present study, the activity reporting sheets developed here were divided into intervals of 30 min, from 06:00 to 01:00 the next night, every day during 1 week per measurement period. There were 13 predefined activities that the participants could register: work, work performed at home, household work, care of own children, care of others, personal care, meals, sleep, rest, leisure time, social activities, own time and other. Sleep reported between 08:30 and 21:30 was labelled daytime sleep. The activity 'other' was not used in this study. This resulted in 12 categories, which are defined and presented in figure 1.
These predefined activities were then divided into four different groups based on the type of activity: (1) paid work (including labour work at the office or at home), (2) non-paid work (including household work, care of own children and care of others), (3) total workload (the sum of paid and non-paid work), and (4) recovery activities (including personal care, meals, rest, leisure time, social activities, own time and daytime sleep). This division is based on the following arguments: first, we wanted to sort out activities that were not related to work (eg, recovery activities vs total workload). Second, we wanted to separate activities outside paid work that might enhance recovery (recovery activities) and activities that might hinder recovery opportunities (non-paid work). All groups of activities were mapped out (see figure 1 ) and calculated in terms of average number of hours per day on workdays and days off separately. Days of sickness absence were consequently not included in the data analyses. Every measurement week included 7 (days)×39 (half-hours)×636 (individuals)=173 628 data points. Data were coded as missing if the rate of missing activities for 1 day exceeded 25% (more than 10 missing activities out of 39). The average rate of internal missing at baseline was 5.4% (3.0% among completers and 30.6% among those who later on dropped off). At the 9-month follow-up, it was 3.0% and at the 18-month follow-up 2.9%.
statistical analyses
Mean values for workdays and days off for the different categories of the time-use data were studied with multilevel modelling. A value of the intraclass correlation (ICC) of workplace was calculated for each variable at baseline. Although the values of ICC were low (ranging from 0.000 to 0.130 for the activities on workdays and from 0.000 to 0.023 on days off), they were taken into consideration in all statistical analyses, which were based on multilevel mixed models including random effects for workplace at level 2.
The model included the outcome variable and the fixed effects of the between-group factor group (intervention vs control; level 2), the within-group factor time (baseline, 9 months and 18 months; level 1), and the interaction between group and time. The models were fitted by modelling the autocorrelation and adjusted by educational level and working shift (yes/no), since the groups differed in these parameters at baseline. The autocorrelation residuals (as indicated by r) ranged from −0.238 to 0.228 for the activities on workdays and from −0.011 to 0.245 on days off. Contrast coefficients were calculated by group in order to evaluate the effects by time period (baseline vs 9-month follow-up and 9-month vs 18-month follow-up).
Sensitivity analyses (eg, excluding the eight participants who had 1 day off per week instead of having shorter workdays) were made since those two types of worktime reduction influence time-use patterns differently. Moreover, sensitivity analyses, by excluding the workplace that was not randomised, were made in order to rule out possible bias due to the randomisation procedure.
The subgroup analysis of gender was made by adding a second between-group factor (gender) into the model, resulting in several two-way interactions and one three-way interaction of group×time×gender.
Additional subgroup analyses of having children living at home (yes/no), living with a partner (yes/no), living alone with children (yes/no), working area (social services/technical services/care and welfare/call centre) and working shift (yes/no) were also performed. Shift workers were defined as employees reporting normal work hours during evening and/or night in the questionnaire at all three measurement periods.
To reduce the risk for type 1 errors, an alpha level of 0.01 was used when testing for statistical significance. Descriptive statistics, t-tests and χ 2 tests were computed on SPSS V.24, whereas multilevel analyses and calculation of ICCs were made on Stata V.14.
resulTs effects on workdays and days off
There was an effect of the intervention on time-use patterns during workdays. Looking at the 12 predefined categories, the intervention group increased the amount of time spent on own-time activities and domestic work after the introduction of reduced worktime, as compared with the control group. Altogether, there was an effect of the intervention on total workload, which decreased on workdays, and recovery activities, which increased. Data and results are presented in table 2. The adjusted model, including educational level and working shift as covariates, displayed similar results (not reported).
On days off, more time was spent on free-time activities for the intervention group over time as compared with the control group (see data and results in table 2). In the adjusted model, the effect on free-time activities was no longer significant (coefficient=0.257; P=0.014; CI 0.051 to 0.464).
Sensitivity analyses, where the eight individuals having shorter workweeks instead of shorter workdays were excluded, showed similar results as compared with the original analyses. The same was true for the second sensitivity analysis, where the workplace (with n=17 employees) that could not be part of the randomisation was excluded (results not reported).
exploring subgroups
When adding gender as an additional between-group factor, the analyses showed no significant effects of gender in relation to the intervention, neither in the crude models (data and results in table 3) nor in the adjusted models. There was no effect of gender on the amount of paid work, non-paid work, total workload or recovery activities, neither on workdays nor on days off (data and results in table 3). The adjusted models did not change these results.
Adding having children living at home (yes/no) as a betweengroup factor showed no differences in the effect of the intervention on time-use depending on being a parent or not (see online supplementary table A). Moreover, adding sharing household with a partner (yes/no) to the model yielded one significant effect on the amount of paid work on days off (see online supplementary table B). This effect disappeared in the adjusted model.
Living alone with children did not influence the effects of the intervention neither in the crude (see online supplementary table C) nor in the adjusted model, and neither did job nature, in terms of working area or working shift (see online supplementary table D and E).
dIsCussIOn
The aim of this study was to investigate time-use in response to 25% reduced worktime, which was previously shown to entail beneficial effects on sleep, sleepiness and perceived stress.
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During workdays, the total workload decreased with more than 1 hour in response to the intervention. In addition, the total amount of recovery activities increased over time with 53 min in the intervention group. No similar effects were seen in the control group. The increased recovery activities were own-time activities such as watching TV, being active on the computer or in other hobby activities, reading or listening to the radio. Moreover, the total amount of non-paid work increased over time in the intervention group as compared with the control group, explained by the increasing amount of time spent on domestic work. On days off there was an effect of the reduced work hours on the amount of time spent on free-time activities such as travelling, physical activities and cultural activities, which increased in the intervention group, but not in the control group.
The effects of the intervention could be seen between baseline and the 9-month follow-up, but there were no effects shown between 9 months and 18 months. This strengthens the notion that changes in time-use pattern are actually due to the reduced amount of worktime.
Even though the time spent on domestic work increased on workdays, the total workload diminished. Drawing on the effort recovery model, 2 the decreasing workload in combination with increasing recovery opportunities could be one of the underlying mechanisms behind the beneficial effects of worktime reduction that was previously shown on sleep, sleepiness and stress. The time-use patterns in relation to the intervention were similar for men and women as well as for those having children living at home and those who did not. Living with a partner and living alone with children did not influence time-use patterns in relation to the intervention.
Despite the fact that there were no differences between subgroups related to the intervention, it has previously been shown that reduced worktime is associated with less conflict between work and family life, and that the effects of a shorter workday on work family conflict were more appreciated by employees with children as compared with those without children. 16 In Anttila et al's study, 16 there were only women participating, ruling out the possibility to investigate gender differences. In the study by Åkerstedt et al 10 on worktime reduction, the strongest effect of the intervention was the increasing time spent with family and friends, which was estimated by the participants to be 'too little' at the start and somewhere between Workplace Table 2 Statistics Sweden showed in their report Women and men in Sweden 17 that both men and women (aged between 20 and 64 years) have an average total workload of about 8 hours per day (workdays and days off included). During workdays women spend about 9 hours and men about 9.5 hours in paid and non-paid work. Importantly, more men than women work full time (55% of all working women and 73% of all working men in Sweden are full-time workers), and even though women spend more time in non-paid work as compared with men these differences have been more equalised during the past years. The amount of time spent on personal needs and in free-time activities over the week is very similar for men and women in this report, although women spend more time during workdays and men more time on weekends in these activities.
Subgroup analyses of gender were also carried out in the study on worktime reduction and the impact on stress and sleep. 11 No gender differences were observed in relation to the beneficial effects of the intervention. This could be explained by the fact that changes in time-use patterns were similar for men and women during the intervention, as shown in this present study. Moreover, in Schiller et al's study 11 no differences were found between those having children living at home and those who did not, in relation to the effects of the intervention, except for parents who experienced lower stress-levels on workdays as a result of the reduced worktime. Thus, the fact of getting more time at home and getting more time for domestic duties (that might imply a higher load when having children in the household) might be beneficial for sleep and stress levels, despite the fact that it implies a higher load of non-paid work. According to Demerouti et al, 18 the detrimental effects of household work and child care have not been empirically proven, although activities that are obligatory might have a negative effect on recovery. It could be that household work impedes recovery, whereas child care may be a combination of chores and social interaction, and the latter may actually enable recovery and buffer the effects of stress. Another explanation could be that individuals experience the nature of these activities differently. 19 There are four different job sectors included in this study and 30% of all participants were shift workers. However, the analyses showed no differences in the effects of reduced worktime depending on job nature.
strengths and limitations
This is the first time that time-use is investigated through diary data in relation to an intervention of worktime reduction. Data collection through intensive diary measures enables investigation of time-use patterns in a very detailed manner. The time span of 18 months could be considered long. Measurement periods each lasted during 7 days, resulting in a large amount of data points. The sample is large and the internal missing rate is low, even though it gets larger over time.
Notably, there are some limitations of this study that should be brought forward. This way of collecting time-use data is extensively used in time-use surveys in many countries and is considered to represent valid data. 20 In this present study though, there were some deviations; participants got the instruction to enter the activity that had taken the largest share of their past 30 min. Thus, we do not know if they were active in two or three categories during the assigned 30 min, and even though participants were instructed to fill out the time-use diary throughout the day we cannot be certain that to what extent this instruction was followed. Importantly, there is no specific time-use activity only referring to physical activity-an activity that has positive effects on excessive fatigue 8 and well-being. 19 21 22 Thus, it was not possible to investigate this specific type of activity separately. Moreover, we cannot distinguish between active and passive recovery, which is one aspect to consider in the effort recovery Table 3 Data on reported activities on workdays and days off (mean value expressed in hours and minutes) for men and women at the three measurement points, respectively, and results from the multilevel mixed model in terms of the interactions between group, time and gender continued model. 2 Concerning the time-use data, it is important to think about the personal meaning of an activity and reconsider the fact that a certain activity might be experienced as recovery for one individual, whereas for another this specific activity might add up to the total workload.
Finally, we do not know if the disadvantage of a reduced salary would somehow have an impact on the time-use pattern (eg, some of the free-time activities might imply high costs) and if this would rule out the positive effects of a worktime reduction. Our findings can only be generalised to situations where worktime is reduced and where salary is retained. Interestingly, Anttila et al 16 found that the salary reduction following a worktime reduction was considered less important than getting the opportunity to spend more time with one's children and being relieved from workload.
Practical implications and future research
Our findings extend the knowledge about time-use when worktime is reduced in a society where the working population sometimes finds it hard to create a satisfying balance between work and other domains in life. 23 Getting more time for domestic duties, such as taking care of children or housework, might make it easier to detach from obligations and relax. It might also release more time for recovery activities during days off. The fact of getting 53 min extra recovery time per workday and more than 1 hour reduced total workload might be beneficial for work-life balance, and it could also have positive effects on health, job performance and life satisfaction. [4] [5] [6] [7] Moreover, there is multifaceted evidence showing that more time for recovery activities is beneficial for sleep and stress. This has been shown in studies drawing on the effort recovery model 6 7 and in studies investigating interventions of worktime reduction. 10-12 16 Impeded psychological detachment is related to sleep problems and poor recovery possibilities. 24 Getting the opportunity to detach from work and being freed from rumination and worry is thus an important part and might facilitate recovery. Notably, in the previous study on the beneficial effects of worktime reduction, 11 employees felt less stress and worries at bedtime. This indicates that worktime reduction might result in ameliorated recovery opportunities, which in turn might have a positive impact on sleep and well-being. This knowledge is valuable for employees, employers and for policy makers in the debated topic of reduced worktime in exposed sectors.
Future research on worktime reduction should include time-use data in order to further investigate this area and add more valuable knowledge to our findings. These studies should preferably specify internet use, use of social media and physical activity, and participants should preferably indicate if they consider the activity as being a recovery activity or not. Diary data could also be supplemented by the use of apps in smartphones and wearable cameras in order to include objective measures of time-use.
COnClusIOn
We conclude that during a worktime reduction, the total workload of both paid and non-paid work is reduced. The extra free time during a workweek is used for domestic tasks, but also for recovery activities. The fact that total workload diminishes and recovery activities increase might be one of the underlying mechanisms behind the beneficial effects of a worktime reduction on sleep, sleepiness, stress and bedtime worries that have previously been shown in relation to a 25% worktime reduction for full-time workers.
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Correction notice this article has been corrected since it first published online. Formatting errors in references 12, 13 and 16 have been corrected.
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